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Preface
 V (IOM), a member of the 
The IOM deals with application-oriented fundamental research in chosen areas 
explorative fundamental research to the point of near-industrial applications.
Research and development areas of the Institute are
Ion and plasma assisted ultra-precision shaping and smoothing 
Micro- and nanodimensional structuring and structure transfer
Manufacture of printings and functional coatings
small and medium enterprises, universities, and other research laboratories. 
research other activities, the participation in DFG research units, and main focus 
the commencement of new activities in this direction. The successful cooperation 
also the successful applications of the centre of excellence “Translational Centre 
for Regenerative Medicine” and the graduate school “Building with Molecules and 
erosion” and the BMBF Young Scientist Research Group “Ultra-precision processing 
with atomic particle beams”
overviews on selected projects are given, arranged according to the structure of 
talks, teaching activities, and other achievements of the IOM staff.
The Institute would like to thank all friends and organisations who supported its 
members and guests of the institute for their active and excellent contributions to 
a successful development.
Leipzig, March 2008                                          
Prof. Dr. Bernd Rauschenbach
Director 
von-Laue Price of the Deutsche Gesellschaft für 
Kristallographie in appraisal of “his manifold 
contributions to the structure solution of aperiodic 
diffraction.
Award of the European Material Research 
the fundamentals of laser-induced backside
wet etching of transparent materials.
The 9th International Workshop on “Plasma-Based Ion Implantation and 




Monolithic supports prepared via electron beam curing 




Figure 1: Synthesis of monolithic materials prepared 
by EB curing. 
Figure 2: Conversion vs. dose for the polymeriza-
tion/crosslinking carried out in a mixture of 2-
propanol and 1-dodecanol solutions: 10 vol.-% (open 
squares), 30 vol.-% (open circles), 40 vol.-% (open 
triangles), 45 vol.-% (full triangles), and 50 vol.-% 
(full squares) of EMA and TMPTA (1:1). Experiments 
were carried out at 2 °C. 
Figure 3: SEM image of a EB curing derived monolith. 
 
Functionalization 
Figure 4: ROMP-based post-functionalization of EB 


























Figure 5: SEM image of a cross section of a capillary 
with an EB derived monolith inside. 
 
Figure 6: Separation profile of a protein standard on 
an EB-derived monolith. Column dimensions: 
3 x 100 mm, peak order: (1) lysozyme, (2) ribonuclease 
A, (3) insulin, (4) cytochrome C, (5) albumin; mobile 
phase A: 95% water, 5% acetonitrile, 0.1% TFA; mo-
bile phase B: 20% water, 80% acetonitrile, 0.1% TFA; 
linear gradient, 10-90% B in 2.0 min.; flow rate, 




Figure 7: Separation profile of DNS-amino acids on a 
EB-derived monolith. Column dimensions: 3 x 100 mm; 
mobile phase A: 58% water + 42% methanol + 0.6% 
acetic acid and 0.008% triethylamine; mobile phase B: 
5% water + 95% methanol + 0.6% acetic acid and 
0.008% triethylamine; linear gradient, 0-100% B in 
1-10 min and then constant up to 11 min flow rate, 
1 mL/min; detection, UV (310 nm); elution order: (1) 
a-DNS-L-arginine, (2) DNS-L-aspargine, (3) DNS-L-
glutamic acid, (4) DNS-L-alanine, (5) DNS-L-
isoleucine, and (6) DNS-L-tryptophane. Injection vol-
ume 5 μL, concentration of DNS-amino acids was 
1.2 mg/mL for 1, 2, 3, and 5; 0.8 mg/mL for 6; 








In-line monitoring of conversion and thickness of polymer coatings 
by NIR spectroscopy 
T. Scherzer, G. Mirschel, K. Heymann, M.R. Buchmeiser 
in collaboration with 
H. Lucht, A. Feierabend, LLA Instruments GmbH, Berlin  
 
Introduction 
Process control plays an increasingly important 
role in chemistry and chemical engineering. So-
phisticated analytical techniques such as near-in-
frared (NIR) spectroscopy can supply detailed in-
formation about the chemical and physical param-
eters of the system. The continuous control of 
such parameters can assist to ensure a constantly 
high quality of the product.  
In UV curing technology, there are two parame-
ters which have to be controlled: the conversion 
after irradiation and the thickness of the coating 
which is applied to the substrate. Most functional 
properties of a coating strongly depend on the 
conversion of the reactive groups. The conver-
sion, however, is influenced by a large number of 
factors which can be controlled only in part. The 
coating thickness should not fall below a mini-
mum level given by the specification since a suf-
ficient thickness is vitally important for most of 
the properties of the final coating. In addition to 
that, most applications require a high homogene-
ity of the thickness. NIR reflection spectroscopy 
was shown to be a powerful analytical method for 
the in-line monitoring of both parameters [1]. 
 
Monitoring of the conversion in acrylate 
coatings 
Usually, NIR spectroscopy is used as an indirect 
analytical method, i.e. quantitative results refer to 
data of a reference method. This requires the pre-
paration of large amounts of well-defined calibra-
tion samples as well as complex calibration proce-
dures. Sophisticated chemometric methods such 
as multivariate partial least squares (PLS) regres-
sion assist in the quantitative evaluation of the 
spectral data. Since this procedure is mostly too 
laborious for the determination of the conversion 
in UV cured coatings, an alternative quantifica-
tion method was developed which is based on the 
direct determination of the conversion from the 
overtone band of the acrylic double bonds at 
1620 nm according to the Beer-Lambert law [2]. 
Figure 1 compares the conversion which was 
obtained in this way from the NIR reflection spec-
tra of UV-cured clear coats with reference data 
from FTIR transmission spectroscopy. 
 







EB 270   (60)











Conversion NIR  
Figure 1: Comparison of the conversion in UV-cured 
acrylate layers determined from NIR reflection spectra 
with reference data from FTIR transmission spectro-
scopy. 
 
Figure 1 shows that quantitative results with high 
precision are obtained with this method which is 
much easier to handle than the chemometric ap-
proach. So, it can be used for the rapid evaluation 
of NIR spectra that are recorded during in-line 
monitoring of the conversion in real coating pro-
cesses. Figure 2 shows the development of the 
conversion in an acrylic clear coat applied to po-
lypropylene foil on a roll-coating machine. Both 
the intensity of the UV lamp and the line speed 
were varied in order to vary the irradiation dose. 
The resulting changes of the conversion can be 
easily seen in the recorded trace. With this me-
thod, monomer conversion can be followed at line 
speeds of 100 m/min or more.  
 
 
Figure 2: In-line monitoring of the conversion in a 
15 g m-2 acrylate coating on 20 μm OPP foil after UV 
curing with variable irradiance and at various line 
speeds. 
 
Monitoring of the conversion in cationic 
epoxide/vinyl ether blends 
Cycloaliphatic epoxy resins such as 3,4-epoxy-
cyclohexylmethyl-3',4'-epoxycyclohexane carbo-
xylate (EEC) are cross-linked by UV-induced cat-
ionic photopolymerization. Due to the high visco-
sity of these resins, they are often diluted with vi-
nyl ethers (VE) which also polymerize by a cat-
ionic mechanism. However, the conversion in 
EEC cannot be followed by NIR spectroscopy as 
performed for acrylates since the cycloaliphatic 
epoxy groups do not have a specific absorption 
band in the near infrared. In contrast, vinyl bonds 
can be easily detected in the spectrum using the 
characteristic overtone band around 1612 nm. Fi-
gure 3 shows the gradual decrease of this band in 
a mixture of EEC and tetraethyleneglycol divinyl 
ether (DVE-4) after UV irradiation. 
 
 
Figure 3: NIR reflection spectra of an EEC/DVE-4 
formulation (80/20 wt./wt.) before UV irradiation and 
after 1, 5, 10, 30, 60, and 120 min postcuring, respec-
tively (in direction of the arrow). 
 
It was shown, that the epoxy groups in mixtures 
with VE react with similar or even higher rates 
than the vinyl double bonds [3]. So, it is possible 
to deduce the overall conversion of the system 
from the conversion of the vinyl ether. Conse-
quently, NIR spectroscopy can be used to monitor 
the conversion in coatings from cycloaliphatic ep-
oxide/vinyl ether blends. 
In general, cationic formulations show a marked 
postcuring behavior. In contrast to acrylates, 
which polymerize in a radical process, only minor 
conversion is achieved during UV irradiation. 
However, it successively increases during the sub-
sequent dark reaction. NIR spectroscopy can be 
used to follow the postcuring process. Figure 4 
shows the dark reaction in coatings from an EEC/ 




Figure 4: Conversion of the vinyl ether in an EEC/ 
DVE-4 formulation (85/15 wt./wt.) after irradiation 
with various UV doses. 
 
The strong postcuring behavior of cationic formu-
lations has also consequences for the in-line mo-
nitoring of the conversion of coatings after UV 
curing. After leaving of the irradiation zone, the 
conversion is still rather low. A typical example is 
shown in Figure 5. Initially, the conversion is 
scarcely higher than 60%, but rapidly increases 
afterwards. 
It should be noted that conversion data with very 
low scattering were obtained although a sampling 
rate of almost 15 spectra per second was used. 
The quality of the data as well as the time resolu-




Figure 5: In-line monitoring of the vinyl ether conver-
sion in an EEC/DVE-4 coating at a sampling rate of 15 
NIR spectra per second. 
 
In order to study the capability of the method to 
detect variations of the conversion caused by fluc-
tuation or drift of the UV dose, coatings were 
irradiated at various line speeds and with various 
UV intensities. Moreover, the concentration of the 
photoinitiator was varied. Figure 6 shows the init-
ial conversion in dependence on the line speed. 
 
 
Figure 6: Actual conversion of the vinyl ether in EEC/ 
DVE-4coatings just after leaving the irradiation zone 
in dependence on the line speed and the concentration 
of the photoinitiator (PI). 
 
It can be clearly seen that an increasing speed of 
the conveyor leads to a drastic decay of the initial 
conversion. In part, this can be compensated by a 




Monitoring of the thickness of acrylate 
coatings 
Surprisingly, no analytical method was available 
so far which allowed for the in-line monitoring of 
the thickness of UV-cured or other polymer coat-
ings. In this project, it was shown that the thick-
ness of such coatings can be determined by NIR 
reflection spectroscopy [4]. The quantitative eva-
luation is based on powerful chemometric meth-
ods, since calibration samples with well-defined 
thickness can be easily prepared. Figure 7 shows a 
PLS-based calibration for the determination of the 
thickness of acrylic clear coats. In order to check 
the capability of this calibration function to pre-
dict the applied thickness, a series of independent 



























Figure 7: PLS calibration of the NIR spectra of ac-
rylic clear coats to the applied thickness of the layers.
 





















Figure 8: Prediction of the thickness of independent 
validation samples using the PLS calibration function 
shown in Figure 7. 
 
 
validation samples, which were not used for cali-
bration, was characterized. Results are shown in 
Figure 8. It is obvious that there is an excellent 
correlation between the actual thickness and the 
predicted data.  
























Figure 9: In-line monitoring of the thickness of an 
acrylic clear coat applied to OPP foil on a roll-coating 
machine. 
 
For in-line monitoring of the coating thickness, 
the probe head was again mounted to a roll-
coating machine. The acrylate formulation was 
applied to polypropylene foil by nip coating. The 
nip was varied stepwise. The thickness of the 
coatings was determined from the NIR spectra re-
corded simultaneously by use of the PLS calibra-
tion function. In addition, the actual thickness was 
determined off-line with a digital length gauge. 
Results are summarized in Figure 9. 
 
Determination of the thickness of sila-
zane-based SiOx coatings 
In a further research project (see contribution by 
L. Prager et al.), SiOx barrier layers were applied 
to foils from polyethylene terephthalate (PET) by 
deposition and VUV-induced conversion of vari-
ous silazanes. After application on a coating ma-
chine, the uniformity of the applied layer had to 
be checked. It was tested wheter this challenging 
problem could be solved by NIR spectroscopy in 
spite of the extremely low thickness of the layers 
(~100 to 800 nm). Since NIR spectroscopy pre-
dominantly detects bonds involving hydrogen, it 
is particularly suited for organic coatings. Never-
theless, it was possible to establish a calibration 
function which relates changes in the recorded 
NIR signals of the SiOx coatings (which are pro-
bably due to changes of the reflectivity of the 
samples) to the coating weight (Figure 10).  
























Actual Coating Weight [g/m²]  
Figure 10: PLS calibration of the NIR signal of sila-
zane-based SiOx coatings on PET foil to the applied 
coating weight . 
 
In spite of the strong scattering of the data due to 
the low thickness of the layers it was possible to 
monitor the uniformity of the thickness of SiOx 
layers which were applied to PET foil by a pilot-
scale coating machine. Figure 11 shows a lateral 
profile of the thickness.  
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Figure 11: Monitoring of the uniformity of a silazane-
based SiOx coating on PET foil lateral to the web. 
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Cationic RuII-N-heterocyclic carbene complexes for UV-induced ring-
opening metathesis polymerization  
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in collaboration with 
K. Wurst, Universität Innsbruck, Inst. für Allgem., Anorg. und Theor. Chemie, Austria 
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Figure 3: Polymerization kinetics of exo-5 by the 
action of PI-1 and PI-2, respectively, and with 
different initial irradiation times  6 min, PI-1,  
3 min, PI-1,  6 min, PI-2. 
Figure 2: Structures of PI-1, PI-2 and monomers 3-8.
Figure 4: Poly-4 coatings on glass prepared by the 
action of PI-1. 
  yield (%)[a] Mn/PDI
[a] 
PI monomer 308 nm 254 nm 254 nm 
1 exo, exo-3 40 [b] 95 [b] 4.8·105/1.8 
1 4 82 99 - 
exo-5 69 85 2.1·105/1.9 1 
exo-6 90 92 8.8·105/1.92 1 
exo, exo-7 <5 [b] 90 2.6·105/3.7 1 
8 33 [b] 99 [b] 40,000/1.2 1 
exo, exo-3 41 [b] 92 [b] - 2 
2 4 >99 99 - 
exo-5 61 67 4.4.105/2.45 2 
exo-6 91 90 8.8·105/2.0 2 
exo, exo-7 <5 [b] 86 4.5·105/4.53 2 
8 21b >99 [b] 49,000/1.8 2 
Table 1: Polymerization results for monomers 4-8 
with PI-1 and PI-2, monomer:initiator ratio = 200:1 
[a] in 5 ml of CDCl3, 30 °C/1 h, isolated yield; [b] in 
5 ml of CDCl3, 30 °C/1 h, yield determined by 
1HNMR.
 














Figure 5: Calculated LUMO orbitals of PI-1 (A) 
and a Ru(IMesH2)(CF3CO2)2(CO)3 complex (B). 
Figure 7: Laser flash photolysis of a N2-saturated 
2  10-4 mol·l-1  PI-1 dichloroethane solution (times 
as indicated). Insets: formation of the meta-stable 
transient (left); spectra observed in solutions con-
taining 8 and exo-6, 5 min after irradiation (right). 
Figure 6:  Structures (H atoms omitted), reaction 
enthalpies, and reaction scheme of the UV activa-
tion of PI-2. As can be seen, the Ru–N bonds are 
essentially longer in both triplet states. Calculated 












Scheme 1: Reaction scheme for the formation of the 
ROMP active species. 
Summary 
Figure 8: 1H NMR spectra of a N2 saturated 
2  10-2 mol l-1 solution of PI-1 in ClCD2CD2Cl be-
fore (bottom) and after (top) irradiation (~1 J cm-2, 
311 nm). Corresponding H atoms are marked. Note 
the formation of free tBuCN.
Literature 
Self-organization on surfaces by low-energy ion beam erosion 
Introduction 
Topography evolution of Si and Ge sur-
faces under ion beam erosion  
 





Current and future activities 
Acknowledgment 
Literature 
Architecture of nano- and microdimensional building blocks (FOR 522) 
M. Mäder, C. Patzig, T. Höche, J.W. Gerlach, B. Rauschenbach 
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Introduction 
Diffraction mask projection laser ablation  
Figure 1: Calculated lateral intensity distribution of 
the laser beam. 
Figure 2: Schematic sketch of the DiMPLA set-up. 
The laser beam is diffracted by the phase mask and 
only the first orders of diffraction are used further. 
The reflective objective demagnifies the pattern that 
is then projected onto the thin film. 
Figure 4: Cross-section of gold dots, embedded in 
amorphous sapphire, that were originally thought to 
sit on top of the still crystalline sapphire substrate. 
Figure 3: Top view of gold dots on sapphire made 
with DiMPLA. The micrograph shows only a small 
section of the 100 x 100 μm² area that is patterned at 
once with a single laser pulse. 
 
Glancing angle deposition  
Figure 5: ZnO nanowalls grown on a DiMPLA pat-
terned template. 
Figure 7: Si screws are grown with continuous sub-
strate rotation (a) and chevron-like structures with 
symmetric stepwise substrate rotation of 180° (b). 
Figure 6: Principle of GLAD without substrate rota-
tion (a) and SEM micrograph of Si needles grown on 
a Si substrate with GLAD (b). 
 
 
Figure 9: Plane-view micrographs of cylindrically 
shaped Si nanocolumns on a hcp-arranged template 
(a) and of Si nanocolumns with triangular cross sec-
tion on a honeycomb-like arranged template (b). 
Transition zone between periodically arranged Si 
chevrons on an EBL patterned substrate and the 
unpatterned part of the substrate (c). Plane-view of 
chevrons on a DiMPLA patterned substrate (d). 
Figure 8: Backscattered electrons micrograph of a 
screw-like multilayered STF and the corresponding 
TOF-SIMS composition depth profile. 
Literature 
Plasma immersion ion implantation of Ti alloys for medical applications  
D. Manova, J. Lutz, S. Mändl  
 
Introduction 
During the last decades, a paradigm shift has been 
occurring in medicine. Infectious diseases are on 
the retreat with some close to extinction, which 
results in an increased lifetime. Coupled with an 
aging population and a demand for an increased 
quality of life, this leads to different quality of 
demands on medical care. Nowadays, the main 
causes of death in developed countries are cardio-
vascular diseases, cancer, heart attacks, non-com-
municable diseases, and road accidents. 
Presently, a third generation of smart biomaterials 
designed to stimulate specific cellular responses is 
under development and testing. The challenge for 
the next generation of materials is a further com-
bination of properties, including stimulation of 
autointegration, biomechanic in vivo characteris-
tics, growth responsive, and adaptive as well as 
individualization for specific traits. However, 
biocompatibility itself is still a concept easy to 
understand and difficult to define, necessitating 
further fundamental research on surface interac-
tions. 
Several modes of interaction are identified, albeit 
it is not possible to give a succinct description of 
their respective mechanisms: (i) surface rough-
ness on the μm- and nm-scale, determining the 
adhesion of cells and receptor molecules, (ii) elec-
tronic density of state at the surface responsible 
for electron transfer and the distribution of the 
electrical potential, both effects which may inter-
rupt normal cell behavior, (iii) outdiffusion of 
metallic cations leading to toxic effects and apop-
tosis in the surrounding tissue, especially critical 
for Ni-containing metals, (iv) generation of wear 
particles and their transport, e.g. in macrophages 
towards a final agglomeration in the lung and 
spleen. 
Going one step further towards materials science, 
the microstructure and chemical composition of 
the surface exposed to a biochemical environment 
is the influencing factor. By a thermochemical 
modification using energetic ions additional influ-
ences as ion energy, temperature evolution with 
time, surface sputtering, and ion flux rate will 
come to importance. Using oxygen and nitrogen 
plasma immersion ion implantation (PIII) at ele-
vated temperatures, it is possible to improve the 
biocompatibility of titanium alloys [1]. The un-
derlying physical processes include diffusion, 
phase formation, and–as a result–modified me-
chanical properties of the resulting surface layers. 
Furthermore, an enhanced osseointegration is 
observed as an increased abiotic mineralization 
after PIII treatment is observed. 
Experiment 
For fundamental investigations, flat polished cou-
pons were used in the experiments with Ti grade 2 
(Ti > 99.2 wt.%, O  0.25 wt.%), Ti grade 5 
(Ti6Al4V with 6 wt.% Al and 4 wt.% V), SM 495 
(54.5 wt.% Ni, 45.5 wt.% Ti) and SE 508 
(55.8 wt.% Ni, 44.2 wt.% Ti) as base materials. 
Additionally, total hip replacements (THR) con-
sisting of pure Ti were treated with PIII.  
The ion implantations were carried out in a HV 
chamber with a base pressure better than 10-4 Pa 
at a gas flow of 50 sccm (either nitrogen or oxy-
gen), resulting in a working pressure of 0.2 Pa. 
Plasma generation by an RF source operating at 
40.68 MHz resulted in a plasma density around 
6-10 × 109 cm-3 and an electron temperatures of 
1.0-1.5 eV, depending on the gas. The high volt-
age pulses with a rise time of less than 0.5 μs and 
a length of 15 μs were varied between 5 and 
30 kV across the presented experiments, resulting 
in incident ion fluences between 1.75 and 
3.75 × 1011 atoms/cm2 per pulse. 
The phase composition was studied by X-ray 
diffraction (XRD) in Bragg-Brentano geometry 
using Cu K  radiation. The elemental concentra-
tion distributions were measured with elastic re-
coil detection analysis (ERDA) using 197Au15+ 
ions at energies around 200 MeV [2]. Addition-
ally, secondary ion mass spectrometry (SIMS) 
was performed using a time-of-flight set-up with 
Ga+ as primary beam for analysis and O2
+ or Cs+ 
 
as secondary beam for depth profiling and en-
hancing the secondary ion yield. 
The wear tests on coupons were performed using 
a rotating ball-on-disc configuration with an alu-
mina ball, diameter 0.476 cm, in continuous slid-
ing contact. A track diameter of 0.65 cm and a 
rotation speed between 50 and 200 rpm translates 
into a speed of 1.7-6.8 cm/s. The applied loads 
were between 0.66 and 9.07 N, corresponding to 
contact pressures of 0.42-1.0 GPa [3]. The wear 
investigation of the THRs was performed in a 
proprietary hip simulator against a bone cemented 
with and without zirconia additions with the wear 
debris collected and analyzed [4]. 
Simulated body fluid (SBF), a useful tool to pre-
dict the in-vivo bone bioactivity, was prepared 
according to the standard protocol suggested. 
Titanium samples with a titania surface formed by 
PIII were immersed in SBF, kept at a constant 
temperature of 37 °C for 48 h in these preparatory 
experiments. The same procedure was used for 
pure Ti samples [5]. 
 
Results & Discussion 
Fig. 1 gives an overview on selected oxygen or 
nitrogen depth profiles in different materials. The 
data for Ti6Al4V were taken with SIMS, the others 
with ERDA. For all low temperature implanta-
tions (265-400 °C) sharp box-like profiles of the 
oxygen were found coinciding with the implanta-
tion range calculate by TRIM. This indicates high 
fluences beyond sputter saturation without any 
additional diffusion of the implanted atoms.  
With increasing temperature, three different re-
gimes, depending on the ion species and the base 
material, have to be distinguished.  
For NiTi, box-like profiles are found, independent 
of temperature, which is indicative of a mass 
transport of Ni from the surface towards the bulk, 
leading to a TiO2 surface layer without any Ni at 
the surface and an enriched Ni3Ti layer below the 
surface [6,7].  
In contrast, diffusion of nitrogen in titanium at 
temperatures beyond 300 °C leads to the evolu-
tion of profiles which closely resemble comple-
mentary error functions obtained in diffusion the-
ory [8]. No transport of Ti is observed in this case. 
Oxygen in Ti and Ti6Al4V leads to a mixture of 
cation and anion transport with oxygen diffusion 
towards the bulk and titanium diffusing towards 
the surface. Thus, a closed titania compound layer 
is formed at the surface, followed by a diffusion 
layer with interstitial oxygen within the titanium 
matrix [9]. 
The corresponding diffusion constants for the 
oxygen implantations are shown in Fig. 2. The 
obtained absolute values depend strongly on the 
composition and structure of the base material 
while the activation energies are typical for va-
cancy and interstitial diffusion within metallic and 
intermetallic solids. It has to be pointed out that 
for all systems no influence of the ion energy on 
the growth rate was found, hence radiation en-
hanced diffusion could be ruled out. 
Despite the consistent diffusion mechanism across 
the whole temperature range, a strong influence of 
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Figure 2: Resulting diffusion constants for oxygen 
implantation. Please note that no diffusion layer is 
observed for NiTi. 










 O in Ti 265 °C, 33 min.
 O in Ti 550 °C, 55 min.
 O in Ti6Al4V 400 °C, 92 min.
 O in Ti6Al4V 750 °C, 60 min.
 O in NiTi 600 °C, 25 min.
 N in Ti 300 °C, 30 min.




















Figure 1: Oxygen and nitrogen depth profiles after 
implantation into Ti, Ti6Al4V or NiTi at different 
temperatures. 
 
the temperature on the phase formation, in addi-
tion to the microstructure, was observed in some 
systems. Oxygen implantation into NiTi and pure 
Ti always leads to the formation of rutile, as 
shown with Raman spectroscopy independent of 
the temperature and the heating regime. Oxygen 
in Ti6Al4V leads to mixture of anatase and rutile, 
together with the formation of alumina at tem-
peratures beyond 600 °C. When the samples are 
preheated to 400 °C before starting the ion im-
plantation, anatase, the metastable low tempera-
ture phase, is favored against rutile while rutile is 
more pronounced without preheating. 
A similar effect is observed during nitrogen im-
plantation into pure Ti, as shown in Fig. 3. Start-
ing the implantation at room temperature leads to 
the parallel formation of -TiN and -Ti2N, as 
observed by X-ray diffraction. In contrast, addi-
tional external heating with a start of the ion im-
plantation at 350 °C results in the dominance of 
Ti2N over TiN. The nitrogen surface concentra-
tion is in all cases 30-35 at.%. Different activation 
energies and kinetics were found for the processes 
(1) Ti  -Ti2N, (2) Ti  -TiN and (3) -Ti2N 
 -TiN, with the activation energy increasing 
from (1) to (2) and (3) [8]. 
Investigating the microstructure and surface to-
pography of these samples after PIII, no large 
differences are found between the systems. For 
Ti + O, the grain size increases from 10-30 nm at 
265 °C to 40-100 nm at 550 °C, while elliptical 
grains with a similar size evolution are observed 
for Ti6Al4V + O. For NiTi, an increase of the 
grain size from around 40 nm at 400 °C towards 
around 100 nm at 600 °C is measured. 
Correspondingly, influences of the treatment time, 
the temperature, and the heating regime should 
lead to different mechanical properties as medi-
ated by the layer thickness, phase composition, 
and microstructure. Detailed investigations are 
available for oxygen implantation into Ti, Ti6Al4V 
and NiTi. Using a rotating ball-on-disc test, no 
significant difference in the wear rate of untreated 
Ti and Ti6Al4V was found (see Fig. 4a), whereas 
oxygen implantation leads to a wear reduction of 
two orders of magnitude for the former material, 
increasing to 2.5 orders of magnitude for the latter 
one. In contrast, nitrogen ion implantation leads 
even to lower reductions of the specific wear at 
low load, while values similar to those of the ox-
ides were found at the highest contact pressure of 
1.4 GPa. 
 
Figure 4: a) specific wear and b) fatigue time for 
oxygen implantation at different contact pressures, 
implantation temperatures and ion fluxes. 
For Ti6Al4V, the wear rate is independent on the 
temperature and ion flux for temperatures up to 
400 °C, despite a different layer thickness. Be-
yond that, significantly reduced wear rates were 
observed with higher temperatures and ion fluxes. 
As oxygen implantation into pure titanium leads 
to a reduction of the wear by a factor of three 
when the ion flux is increased by the same factor, 
a strong influence of the layer thickness should be 
responsible as the diffusion in Ti6Al4V is slower 
than in Ti. However, as no temperature effect was 
found at all for Ti, the microstructure must have 
an additional influence, especially as thinner lay-














 -Ti (44-1294)  -TiN (38-1420)






 500 °C, 60 min, ion heating
 700 °C, 60 min, + IR heating
 727 °C, 7 h, plasma nitriding
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Figure 5: Generation of wear debris as a function of 
surface condition and bone cement composition. 
PIII treated titanium and NiTi implants were 
tested in rats and dogs with the final aim to intro-
duce them into maxillofacial surgery, e.g. as os-
teosynthesis plates or autocompression braces, in 
collaboration with the Klinik rechts der Isar in 
Munich and the Kantonsspital in Basel.  
In these environments, which are characterized by 
a lower number of loading and unloading cycles 
than THRs, the wear rate is much more reduced. 
After oxygen PIII treatment, considerably higher 
pull-out forces were found for Titanium and NiTi, 
together with a much improved osseointegration. 
At the same time, the surrounding tissue reaction 
to NiTi implants, as measured with fluorescence 
markers, is reduced by about 50%. 
As the fatigue time of oxygen implanted NiTi, as 
depicted in Fig. 4b, actually increases with de-
creasing implantation temperature and increasing 
ion fluence, a complex interplay of adhesion prob-
lems due to the sharp interface between the rutile 
surface and the NiTi intermetallic base material, 
coupled with thermal stress annealing can be pro-
posed in this system. 
Summary 
Oxygen and nitrogen PIII of Ti, Ti6Al4V and NiTi 
lead to the formation of hard and wear resistant 
surface layers with the phase formation and diffu-
sion depending on the process conditions. Subse-
quently, the mechanical properties, as determined 
by wear tests, correlate with the final microstruc-
ture of the samples. Successful applications have 
been shown in animal models with osseointegra-
tion plates more suitable than replacements for 
articulating joints. 
Using a more realistic wear test in a hip simula-
tors (cf. Fig. 5), a reduction of the wear volume 
by one third was found in modular hip implants, 
whereas a value of 75% was found for implants 
tested against bone cement. Here, a strong influ-
ence of the layer thickness is observed as the wear 
rates depend on the total time. When the layer is 
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Surface modification of nano-sized zeolites 
F. Bauer, E. Bilz, A. Freyer 
in collaboration with 
A. Lubentsov, H. Papp, R. Gläser, Universität Leipzig, Institut für Technische Chemie  
 
The transport of molecules through the channels 
of zeolite catalysts often limits the process effi-
ciency. To reduce transport resistance and diffu-
sion path length, nano-sized zeolites can be ap-
plied, thus facilitating the accessibility of mole-
cules to the internal zeolite surface. However, 
unselective sites present on the external surface 
area of zeolite crystallites should be inactivated 
by post-synthesis modifications to avoid secon-
dary transformation of target products. The effects 
of surface modification by chemical liquid deposi-
tion of organosilicon compounds and the pre-
coking technique on selectivity and reaction 
mechanism of isomerisation of n-butene over 
HZSM-5 and HFER have been studied [1]. 
Skeletal isomerization of n-butene over pre-coked 
HFER resulted in similar yields of isobutene and 
undesired pentenes (Fig. 1), i.e., coke residues 
formed by pre-coking do not increase isobutene 
selectivity as proposed by the pseudo-monomole-
cular reaction pathway. For silanized HFER and 
HZSM-5 (not shown), a significantly lower isobu-
tene selectivity was obtained. These findings are 
consistent with results from sorption measure-
ments which revealed that silanization treatment 
by hydrolyzed TEOS leads to a reduction of pore 
size whereas the pre-coking treatment hardly af-
fected the pore size distribution. The simultaneous 
formation of ethene, propene, cis-/trans-2-butene, 
iso-butene, and pentenes showed the predomi-
nance of bimolecular reactions during n-butene 
conversion over HFER containing many protonic 
sites (SiO2/Al2O3 = 20). For detailed mechanistic 
studies, trace amounts of expected intermediates, 
such as dodecene (Fig. 2), were added to the n-
butene feed as 14C-labeled substances. Thus, Ra-
dio-HPLC results revealed the incorporation of 
dodecene carbon atoms into all other olefins dur-
ing n-butene transformation over HFER, even into 
long-chain species (see arrow). It is apparent that 
oligomerization and cracking reactions yield an 
intense 14C scrambling between all olefinic mole-
cules. Therefore, C3 and C5 olefins should not 
exclusively be considered as cracked products of 
C8 intermediates but rather as components of an 
olefinic pool [2]. On strongly acidic HFER, the 
distribution of olefinic products is, therefore, con-
trolled by both the zeolite pore structure and the 
thermodynamic conditions. In summary, surface 
modifications have an impact on isobutene selec-
tivity of nano-zeolites via variations of zeolite 
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Figure 1:  Effect of reaction time on yield during 
skeletal isomerization of n-butene over pre-coked 
HFER at 300 °C. 
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Figure 2:  Radio-HPLC chromatogram of 14C-dode-
cene/n-butene feed after isomerization on HFER at  
350 °C and 9 g/(gcat·h). 
 
Nanocorundum based nanocomposites 
H.-J. Gläsel, E. Hartmann, L. Wennrich, A. Prager-Duschke, H. Khalil, M.R. Buchmeiser 
in collaboration with 
K.-H. Hallmeier, L. Makhova, Universität Leipzig, Institut für Physikalische Chemie  
 
Organic-inorganic hybrid materials have received 
significant interest in the past few years. Im-
proved material properties including scratch and 
heat resistance, stiffness as well as gas barrier 
effects have been reported for nanocomposites 
formed from inorganic nanoparticles accommo-
dated in a polymeric matrix. In this regard, amor-
phous aluminium carboxylate nanoparticles were 
checked for their potential as precursors for nano-
corundum powders prepared by a high-tempera-
ture conversion process [1]. 
ALMAL particles were prepared from aluminium 
2-propoxide and maleic acid at room temperature 
whereas their thermal conversion at 1100 °C in 
the presence of air resulted in the formation of 
nanocorundum. SEM micrographs revealed that 
both particulate species were apparently of the 
same geometrical size and displayed the same 
aspect ratio as well as spherical particle mor-
phologies. A detailed analysis of the size distribu-
tion has been accomplished on the basis of 
Stokes’ sedimentation law using a disc centrifuge. 
The size-separated particle fractions showed uni-
form distributions for both ALMAL and nanoco-
rundum with size maxima at approximately 18 
and 19 nm, respectively (Figure 1). 
The abrasion resistance of nanocorundum pow-
ders was determined by Taber abraser tests shown 
in Figure 2 which reveal the superiority of the 
ALMAL/microcorundum (Plakor 15) modifica-
tion over pure ALMAL/nanocorundum. However, 
further enforcement by post-tempering and by a 
combined ALMAL/nano/micro-corundum mo-
dification (Figure 2, line c) demonstrated the po-
tential of the nanopowder. In the case of the most 
efficient hybrid composite as many as 1 000 rota-
tion cycles of the testing disc removed only ap-
proximately one third of the coating by abrasion. 
This represents an improvement by the factor of 2 
compared to pure ALMAL systems. 
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Figure 2:  Abrasion for composite coatings after post-
tempering at 100 °C for 5 min.  (a) (30/15 wt.-% AL-
MAL/nanocorundum; (b) 30/15 wt.-% ALMAL/Plakor 15; 
and (c) 30/7.5/7.5 wt.-% ALMAL/nanocorundum/ 
Plakor 15.  
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Figure 1:  Size distributions of ALMAL and nanoco-
rundum powder as determined by ultracentrifugation. 
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Photo-induced radicals in silazanes, silanes,  
and siloxanes: An EPR and QC study  
W. Knolle, L. Prager, S. Naumov, K. Czihal, L. Wennrich 
 
a(9H)
Figure 1: EPR spectra observed after UV irradiation 
of silanes, silazanes and siloxanes. 
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in collaboration with 
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Herstellung von SiOx-Barriereschichten aus 




- TOF-SIMS depth profiles of VUV 
treated PHPS layers; t – irradiation time. 
Flexible 
transparente Verkapselung von fotoelektrischen 
Systemen
Literature 
Fundamental investigations of photochemical micro-folding 
R. Schubert, M. Hinkefuß, R. Konieczny, B. Marquardt, J. Vogel, M.R. Buchmeiser 
 
The surface structuring of radiation-curable coat-
ings by short-wave UV light is well known, and 
the VUV technology with 172 nm excimer lamps 
is already state of the art [1]. Nevertheless, further 
investigations on the kinetics of micro-folding and 
the characterisation of the random structure in 
correlation with the application parameters such 
as gloss, surface feel, scratch, and chemical resis-
tance are required.  
Using a small tailor-made chamber (Fig. 1) the 
kinetics of surface wrinkling of acrylate-based 
clear coats and UV-curable powder coatings were 
















Figure 2: Different micro-folding behaviour. 
 
The metering time period of the mobile VUV 
sensor was 1 millisecond, and so the different 
kinetics of various acrylate-based varnishes could 
be observed by measuring the decrease in transpa-
rency of the clear coat during the micro-wrinkling 
process (Fig. 2). All wrinkling processes were 
additionally monitored by a CCD camera, espe-
cially required for non-transparent UV powder 
coatings. The roughness parameters of the surface 
structure were determined by use of the optical 
profiler FRT MicroProf . The topology could be 
described by an aspect ratio and by the power 
structural density (PSD). The PSDs (Fig. 3) of 
different surface structures were calculated using 
the AAP software developed at the IOM/IST De-
partment [2].  
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This PSD permits the comparison of topologies 
with regards to the repeatability of the micro-
folding process.  
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Figure 3: PSD of TPGDA (A58_1) and a screen-
printing ink (H02_1). 
Figure 1: Real-time measuring device for the obser  
vation of the kinetics of micro-folding: 
 
1  172 nm excimer lamp (XERADEX type), 
2  additional lamp, 
3  CCD camera, 
4  mobile VUV sensor “FlatLog” with GaP-diode. 
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Argon VUV excimer lamp 
A. Sobottka, R. Blaue, L. Drößler, M. Lenk, L. Prager, M.R. Buchmeiser 
 
Rare gases and rare gas halogenide mixtures ex-
cited by a barrier discharge can emit UV excimer 
radiation. In the case of argon, the wavelength of 
the second continuum emission is centred in the 
vacuum UV region at 128 nm. For higher wave-
lengths, silica glass tubes are usually used as the 
discharge tubes. Since the absorption edge of the 
purest fused silica is at about 160 nm, only mate-
rials like MgF2 or LiF could be used. However, 
for a more extended geometry these materials are 
too expensive. To avoid this problem, an open 
configuration without a window was chosen, 
where a continuous flow of the excimer gas Ar 
inhibits the diffusion of atmospheric oxygen and 
nitrogen into the discharge gap [1]. For investiga-
tion of this type of lamps and of the potential ap-
plications such as the etching of polymer surfaces, 
degradation of organic surface residues, and sur-
face activation [2] several prototypes were built. 
In addition, different configurations of high volt-
age electrodes and their geometrical assemblies 
were examined. 
The shape of the electric field in the discharge gap 
and the distribution of the argon gas flow have a 
constitutive influence on the formation of the 
barrier discharge. Streamers formed by micro 
discharges affect directly the intensity of the VUV 
emission. 
 
Figure 1: Configuration of an Ar excimer lamp. 
 
An argon excimer lamp was designed which has 
an 270° enclosed discharge gap with an aperture 
as the photon exit (Fig. 1). Placing a second anode 
beneath the belt of the treatment conveyor excited 
and ionized species from the discharge gap can be 
extracted onto the sample surface exposing the 
sample to both the VUV radiation and the dis-
charge plasma. 
As electrical power supply, HF generators are 
used working at frequencies around 750 kHz and 
at high voltage up to 8 kV producing a field 
strength of about 800 V cm-1.  
 
Figure 2: Oscillogram of the high voltage and the UV 
emission. 
 
At an Ar consumption rate of 5 m³ h-1 the residual 
oxygen content in the discharge gap is about 
10 ppm. The power of the VUV radiation amounts 
to 20 mW cm-2. By use of a second anode it 
reaches 600 mW cm-2. The VUV lamp was as-
sembled on a conveyor for a maximum sample 
width of 300 mm (Fig. 3). 
Figure 3: Irradiation unit. 
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Cold reactive plasma jet etching of thin SiO2 films 
T. Arnold, G. Böhm, A. Schindler 
 
Microwave-excited reactive plasma jets generated 
at atmospheric pressure are versatile tools for 
surface etching, cleaning and chemical modifica-
tion. Having an active area of less than 1 mm² 
such plasma jets are predestined for highly deter-
ministic local processing.  
“Cold” reactive plasma jets are of technological 
importance especially for high etching uniformity 
and the treatment of heat sensitive surfaces. In the 
case of plasma jet etching using gases like CF4, 
where fluorine radicals are produced, thermally 
driven chemical mechanisms prevail during mate-
rial removal. Since the plasma jet acts also as the 
main heat source which influences the surface 
temperature distribution the etching rate depends 
on the local surface temperature. This might result 
in spatio-temporal etching rate variations.  
Treatments of surfaces sensitive to spatial or tem-
poral temperature gradients are a challenging task. 
Hence the heat flux produced by the plasma jet 
has to be minimized. One possibility, the reduc-
tion of the input power per gas flow unit, leads to 
a decrease of the plasma temperature but at the 
same time instabilities of the plasma discharge 
arise limiting its technological application.  
Our solution is to excite the plasma by short rec-
tangular shaped microwave pulses. A special mi-
crowave pulse generator has been developed for 
this purpose by the Ing.-Büro ELEKON. Pulse 
durations of 3-9 μs with repetition rates of 2-
12 kHz and a power range between 150 and 
250 W can be adjusted obtaining a stable plasma 
jet of 5 mm length. The resulting mean power is 
in the range of 2-9 W. The plasma jet is fed by 













































Figure 2: Optically measured thickness of an 100 nm 
SiO2 film on a Si wafer with a 25 nm deep plasma jet 
etched area of 30 x 30 mm². 
Gas temperatures of the plasma jet have been 
measured by a thermocouple in the range of 38-
120 °C. Figure 1 depicts the plasma jet tempera-
ture and the volume removal rates as a function of 
the gas flow. 
For the performance testing a thermally grown 
SiO2 layer (100 nm) on top of a Si wafer was uni-
formly scanned by the reactive plasma jet obtain-
ing a mean depth of 25 nm. Figure 2 shows the 
etched area measured by optical depth profiling. 
The surface shape error in x and y direction is 
0.4 nm rms. The plasma jet etching process exhib-
its an excellent stability and uniformity. Thus, the 
small-sized plasma jet tool is capable for surface 
machining with high spatial resolution and nano-
meter depth accuracy. Potential applications for 
this tool are flattening of nanotopologies on Si or 
SOI wafers, cleaning of temperature sensitive 
surfaces of optical elements, or machining of 
small-sized mirrors and lenses made from Si, SiC, 
SiO2, or Si3N4. 
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Figure 1: SiO2 removal rates and plasma jet tempera-
tures at 3 mm off the nozzle tip as a function of the 
Helium gas flow rate. Microwave mean input power 
was kept constant at 5 W. 
 
Epitaxial gadolinium nitride thin films deposited by low-energy nitrogen ion-
beam assisted molecular-beam epitaxy 
J.W. Gerlach, J. Mennig, B. Rauschenbach 
in collaboration with K. Potzger 
Forschungszentrum Dresden-Rossendorf, Institut für Ionenstrahlphysik und Materialforschung 
 
For the past few years, rare earth nitrides have 
been the focus of an increasing amount of re-
search groups with theoretical and experimental 
background. In particular, gadolinium nitride 
(GdN) has raised much interest due to its mag-
netic and electronic properties [1, 2]. Being fer-
romagnetic with a Curie temperature of 60 to 
70 K, the reported electronic properties range 
from semiconducting to semimetallic to insulat-
ing. Even halfmetallic properties are predicted. 
While in literature polycrystalline and randomly 
oriented GdN films are reported of, at the IOM 
epitaxial GdN films of relatively high crystalline 
quality could be achieved on magnesium oxide 
(MgO) substrates by applying the ion-beam as-
sisted molecular-beam epitaxy (IBA-MBE) tech-
nique [3]. For the growth experiments, an appro-
priate substrate material with a low lattice mis-
match to GdN was required, but another prerequi-
site turned out to be that the substrate material is 
sufficiently chemically inert. Otherwise, the de-
posited Gd atoms, evaporated by a high-tem-
perature effusion cell, would chemically react 
with the substrate due to their high reactivity. 
Exemplary, epitaxial GdN films could be depos-
ited on yttria-stabilized zirconia (YSZ) substrates, 
too, but time-of-flight secondary ion mass spec-
trometry (TOF-SIMS) revealed that the highly 
oxygen-affine Gd attracted the oxygen in the sub-
strate leading to a severe increase in the oxygen 
contamination level of the GdN films. Another 
issue was that GdN is unstable in air and the films 
oxidized rapidly. This could be avoided by depos-
iting a 50 nm thick polycrystalline gallium nitride 
(GaN) protective layer on top of the GdN film. 
Figure 2: XRD pole figures MgO{111} of the sub-
strate (a) and GdN{100} of the GaN-capped GdN 
film (b) deposited on top of this substrate, proving the 
epitaxial growth.  
 
Figure 1: 30 keV RHEED patterns obtained with the 
electron beam along MgO[100]: MgO substrate 
prior to deposition (a), after 5 min (b), 15 min (c), 
and 55 min (d) of GdN deposition (final film thick-
ness: 60 nm). 
For identifying and monitoring the epitaxial GdN 
growth, reflection high energy electron diffraction 
(RHEED) proved as a valuable method (Figure 1). 
Ex situ, epitaxial relationships and crystalline 
quality of the GdN films were examined by X-ray 
diffraction (XRD). Figure 2 shows texture goni-
ometry results of an epitaxial GdN film on a 
MgO(100) substrate. First magnetic measure-
ments showed that the GdN films exhibit ferro-
magnetism below a Curie temperature of 70 K. 
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Small tool size ion beam and reactive plasma jet surface figuring 
T. Hänsel, G. Böhm, A. Nickel, P. Seidel, T. Arnold, A. Schindler 
 













Two major requirements from large high-end 
optics performances are guiding the development 
in highly deterministic surface figuring technol-
ogy (i) to allow sub-0.5 nm depth accuracy with 
high spatial resolution of up to sub-1.0 mm and 
(ii) high processing stability and convergence. A 
third goal for the development of the technologies 
is to qualify them for efficient processing of 
small-sized optics of medium optical performance. 
PV 1123 nm, RMS 283nm PV 248 nm, RMS 46 nm
We developed a small tool ion beam figuring 
(IBF) technology with sub-mm FWHM Gaussian 
ion beam for the figuring of surfaces with curva-
tures of up to 50° slope angle using a three axes 
(x, y, z) motion system. The new developed proc-
essing software based on a dwell time algorithm 
include the variation of the ion beam tool removal 
function with the slope angle of the surface to be 
processed. This dependence has been measured 
experimentally in advance of the processing. The 
first testing of the new technique is shown in 
Fig. 1 demonstrating a successful surface shape 
error correction of a small fused silica lens with 
an improvement from 4.5 nm rms to 0.56 nm rms 








Figure 1: Shape error correction of a convex quartz 
lens of 13,5 mm diameter and R = -10,44 mm radius of 
curvature by a 1.1 mm FWHM Gaussian ion beam; 
a) surface error topology before IBF: 22.6 nm PV and 
4.5 nm rms, b) ZERNIKE surface data fit after IBF 
with resulting 3.0 nm PV and 0.5 nm rms, c) experi-
mentally measured correction function of the angle of 
incidence dependence of the removal rate used in the 
IBF modelling (open red circles) and the ratio between 
the desired and the measured removal using the cor-




PV = 123 nm, rms = 283 nm       PV = 248 nm, rms = 46 nm 
 
Figure 2: Shape error correction of a small-sized 
aspheric quartz lens using PACE with a sub-mm 
FWHM plasma jet tool machining and a standard 
dwell time algorithm. 
 
The development of atmospheric microwave 
driven small-sized reactive plasma jet tools hav-
ing about 1 mm² active area for highly determinis-
tic local surface processing based on plasma as-
sisted chemical etching (PACE) by the chemical 
reaction with fluorine radicals focused on the 
figuring of Si and Si-based materials like fused 
silica, quartz glass, SiC. From the status of dem-
onstration of the figuring at all we aim to make it 
mature for being an effective technique for the 
figure finishing of small-sized lenses. On the one 
hand major progress has been achieved by the 
development of a dedicated microwave pulse 
generator for low average plasma jet power re-
gime resulting in very stable jet etching character-
istics. On the other hand further improvements in 
the plasma etch chemistry optimized by the ad-
mixture of oxygen to the processing gas mixture 
led to a more stable and more efficient removal 
process. Thus, the small-sized plasma jet tool is 
now mature for surface figuring with millimetre 
range spatial resolution achieving nanometre 
range machining depth accuracy. Fig. 2 shows the 
surface shape error correction of a small-sized 
convex aspheric quartz lens of 7 mm in diameter 
and about 50 mm best fit sphere radius of curva-
ture resulting in a six-fold improvement of the 





The improved small-sized ion beam and plasma 
jet figuring techniques open new applications, e.g. 
for effective small lens figuring and nano-
topology correction of silicon wafers. 
 
Inductive coupled radio frequency plasma bridge neutralizer  
F. Scholze, M. Tartz, H. Neumann 
 
For many applications of surface processing the 
neutralization of the ion beam current on the tar-
get is necessary. Particularly the charging up of 
isolating surfaces has to be compensated by sup-
plying a sufficient amount of electrons onto the 
surface. During operation of an ion thruster for 
spacecraft propulsion charged particles are ejected 
which produces the thrust; however, the remain-
ing opposite charge leads to a charging up of the 
spacecraft. In order to keep the spacecraft nearly 
at ground potential, the excess charge has to be 
removed from the spacecraft. Usually a neutral-
izer is employed to deliver an electron beam 
which fulfils the above-mentioned tasks. Several 
types of neutralizers have been developed in the 
past, such as hot cathode neutralizer, plasma 
bridge neutralizer with hot cathode, or hollow 
cathode. Hot cathodes are known to have a lim-
ited lifetime. Hollow cathodes are very sensitive 
against oxygen or other reactive gases. To over-
come these application constraints a cathodeless 
inductively coupled radio frequency plasma 
bridge neutralizer RF-PBN has been developed. 
Such a concept eliminates all components inside 
the plasma chamber such as cathodes; there are 
also no gas-sensitive components. A robust design  
 
 
Figure 1: Schematic set-up of the radio frequency. 
is expected to result in a long-duration operation. 
When the extraction aperture of the neutralizer 
comes close to the ion beam, a plasma bridge 
would be formed. Across this plasma bridge the 
neutralizer electrons run toward the positive space 
charge of the ion beam to compensate this.  
The set-up of the inductive coupled plasma bridge 
neutralizer is shown in Fig. 1. It is composed of a 
1.3 cm in diameter and 2.5 cm long ceramic tube 
located in the center of a cylindrical inductor. The 
ceramic tube is closed at one side by a thin ce-
ramic plate with a small hole for electron extrac-
tion and by a metallic plate as plasma anchor at 
the reverse side. In the plasma anchor the gas inlet 
is integrated. The discharge is driven by a 
13.56 MHz RF generator which can deliver a 
maximum power of 300 W. A fixed matching 
network is used to match the impedance between 
RF generator and cylindrical inductor consisting 
of a package of two capacitors. One capacitor is 
connected in parallel with the cylindrical coil. 
This capacitor and the coil build an oscillating 
circuit for the plasma excitation. The second ca-
pacitor is connected in series with the oscillating 
circuit minimizing the reflected RF power to the 
generator. 
 
Figure 2: Comparison of measured electron current 
and calculated values (argon operation, 1 sccm). 
Fig. 2 illustrates the measured electron currents in an 
Argon discharge in dependence on the RF power 
and the qualitative good agreement between this 
measured electron emission current and the values 
calculated with the developed plasma equilibrium 
model [1] based on the Lieberman model [2]. 
Literature 
[1] F. Scholze, M. Tartz, H. Neumann, Rev. Sci. In-
strum. 79, 1 (2008). 
[2] M.A. Lieberman and A.J. Lichtenberg, Principles 
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Fabrication of sub-100 nm patterns in fused silica by electron beam writing 
(EBL) and reactive ion beam etching (RIBE) 
J. Zajadacz, R. Fechner, K. Zimmer, A. Schindler  
 in collaboration with 
M. Helgert Carl Zeiss AG – BS Jena 
 
Submicron and nanoscale structures are of grow-
ing importance in current and future applications. 
In contrast to bottom-up approaches top-down 
techniques require high-resolution writing tech-
niques. The combination to pattern transfer tech-
niques is needed for applications requiring ad-
vanced materials or films. However, with reduced 
pattern size the demands on the pattern writing as 
well as to the transfer technique increase, e.g., due 
to the maintained pattern depth resulting an in-
creased aspect ratio of the structures.  
At the IOM an ultrahigh resolution EBL work-
station (e LiNE, Raith) for electron beam litho-
graphy is available. The minimum line width with 
high-resolution positive tone PMMA (poly-
methylmethacrylate) or negative tone novolac 
resins (naphthochinondiazides) is less than 20 nm 
as shown in Fig. 1 (left) for a 70 nm PMMA resist 
film. 
Fig. 1 (centre) shows trenches etched into a 
100 nm SiO2 layer on c-Si. For EBL pattern writ-
ing the 120 nm thick PMMA resist AR-P 671.02 
from Allresists was exposed at 20 keV with doses 
ranging from 128 to 152 μC/cm2 depending on the 
line width. The optimal exposure parameter and 
proximity effect corrections were deducted from 
the analysis of line widths/shape vs. the writing 
dose. For an exposure dose of 152 μC/cm2 the 
resist was slightly overexposed and the designed 
100 nm lines broaden to 106 nm width. To trans-
fer the resist pattern into a 100 nm thick SiO2 
layer fluorine based RIBE process was used. For 
SiO2 an etch rate of about 35 nm/min and a selec-
tivity of ~ 7 has been achieved using a standard 
RIBE-process with CHF3. For applications calling 
for a lower etch selectivity it can be adjusted by 
the etch gas mixture ratio of CHF3 and O2 in the 
range from 0.5 to 6. However, size, shape, and 
sidewall slope of structures are also altered by the 
gas mixture. For instance, 100 nm resist patterns 
increase in width to 120 nm at RIBE with 
CHF3/O2 gas mixture of 80:20. 
Fig. 1 (right) shows a linear grating with 
550 ± 10 nm depth after RIBE pattern transfer 
into fused silica. The average line width of 
80 ± 10 nm is less the desired (resist) line width 
of 100 nm due to resist shrinking effects. Never-
theless a side wall slope and an aspect ratio of 87° 
and 5.5 has been achieved, respectively. The resist 
patterning was designed for a wavelength of 
333 nm and ~ 3000 lines/mm and realized by 
means of holographic lithography at the Carl 
Zeiss Jena GmbH. 
For further size reduction of functional structures 
EBL and RIBE processes must be optimized with 
respect to the material, the thickness of the resist 
mask, and the etch chemistry for pattern transfer 
depending on the application requirements. 
 
Figure 1: Examples for EBL and RIBE pattern transfer. Left: EBL in a 70 nm PMMA resist, a line width of 19 nm is 
demonstrated; centre: sub-μm lines (120 to 300 nm) after pattern transfer by RIBE into a 100 nm SiO2 layer; right:
high aspect ratio sub-μm structures transferred by RIBE into fused silica.
 
Laser etching of 3D phase shaping microoptical elements in fused silica 
K. Zimmer, R. Bellmann, R. Böhme 
 
High quality etching of transparent materials for 
applications in micro- and nano-structuring as 
well as in precision engineering is still a challenge 
for current laser processing techniques. The re-
cently developed laser-induced backside wet etch-
ing (LIBWE) method [1] allows the direct and 
precise etching of transparent materials, e.g., 
fused silica, at low laser fluences, with etch rates 
in the nanometer scale, and with an optical-grade 
roughness at optimized processing conditions.  
The combination of specific laser processing 
techniques, e.g., scanning contour mask technique 
and direct writing with a small laser spot [1], with 
LIBWE allows the direct writing of analogous 
and binary microstructures for applications in 
miniaturized optics [2, 3]. This technology utilizes 
the full degree of freedom of the laser beam tool 
and can be applied for Rapid Prototyping of dif-
fractive and refractive microoptics onto planar or 
non-planar surfaces. Furthermore, hybrid optics 
(combination of refractive and diffractive optical 
functions into one element), aspheres, and free-
form surfaces can be processed into transparent 
materials, too.  
To demonstrate the capabilities of this processing 
approach highly sophisticated microoptical ele-
ments like spiral phase plate and micro axicon 
have been etched directly by pulsed laser process-
ing into fused silica. Both elements have a 3D 
surface shape with depths in the micron range, 
lateral dimensions in the millimetre scale, and a 
phase shaping optical function. The spiral phase 
plate and the axicon can be used to generate ad-
vanced optical effects such as optical vortex and 
Bessel beams, respectively. 
First the scanning path of a rhombic mask with a 
side length of 90 μm across the sample surface 
was optimized. The velocity distribution of the 
scanning laser beam was calculated from the local 
etch depth considering the etch rate, the focus size 
etc. The laser etching was carried out with a 
pyrene/toluene solution and at a fluence of 
0.86 J/cm².  
The etched surface topography of a spiral phase 
plate measured by interference microscope is 
depicted in Fig. 1. The phase element that corre-
sponds with the target topography very well has a 
diameter of 2 mm, a continuously increasing 
depth with the azimuthal angle with maximum at 
1.38 μm. The surface deviation and the optically 
measured surface roughness are less than 5% and 
~ 10 nm rms, respectively. The radius and depth 
of the laser-etched micro axicon are 0.5 mm and 
15 μm giving a wedge angel of about 0.79°. The 
roughness/waviness increases with the etch depth 
but is better /20. As shown in Fig. 2, the laser 
written axicon produces a Bessel beam with a 
16 μm diameter over a distance of 30 mm. 
Literature  
[1] K. Zimmer, A. Braun, in: Photo-Excited 
Processes, Diagnostics and Applications, Ed. 
A. Peled, Kluwer, Boston (2003). 
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Figure 1: 3D topography of etched spiral phase plate 
in fused silica recorded with white light interference 
microscopy.  
 
Figure 2: Optical function of the laser-etched micro 
axicon recorded by CCD camera. A HeNe-laser 
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den Trenntechniken, der Heterogenkatalyse und der Regenerativmedizin
Leibniz–Institut für Organische Katalyse, Rostock, Germany, 11.09.2007  
 
Conjugated polymers via cyclopolymerization of 1,6-Heptadiynes
3rd International Symposium on Reaktive Polymers in Inhomogeneons Systems, 
in Melts, and at Interfaces (REACT 2007), Dresden, Germany, 24.-26.09.2007
von Präzisionsschichten
und Laserstrahlen', Leipzig, Germany, 27.04.2006
blanks
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 11.-15.09.2006
carrier properties
L.O.T. Woollam Ellipsometry Seminar, Darmstadt, Germany, 24.-25.10.2006  
 
In-situ growth monitoring and ex-situ characterization of metal and dielectric thin 




Optical characterization of stress-engineered SiO2 and TiO2
mirrors
L.O.T. Woollam Ellipsometry Seminar, Darmstadt, Germany, 23.-24.10.2007  
 
Ionenstrahlbeschichtung
Mühlleithen, Germany, 13.-15.03.2007  
 
Tribological and biocompatibility behaviours of plasma immersion implanted Ti6Al4V 
alloy
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007  
 
Mühlleithen, Germany, 14.-16.03.2006  
 
Variation der Verspannung optischer dünner Schichten abgeschieden mit DIBD
Mühlleithen, Germany, 13.-15.03.2007  
 
Ferroelectric nanomaterials: Size effects and polymeric nanocomposites
International Workshop on Nanostructured Materials (NANOMAT 2006), Antalya, 
Turkey, 20.-24.06.2006  
 




Development of scratch- and abrasion resistant UV-coatings for wood surfaces 
5th International Woodcoatings Congress, Prague, Czechia, 17.-18.10.2006  
 
Nanodesign mit Ionenstrahlen: Von selbstorganisierten Nanostrukturen zu 




Self-organized pattern formation on Si and Ge surfaces during low-energy ion 
beam erosion
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
26.-31.03.2006
 
und Laserstrahlen', Leipzig, Germany, 27.04.2006
Ionenstrahl-Glättungsverfahren
und Laserstrahlen', Leipzig, Germany, 27.04.2006
Nano-design with ion beams: From self-organized nanostructures to ultra smooth 
surfaces
Montanuniversität Leoben, Institut für Physik, Leoben, Austria, 11.05.2006
Nano-design with ion beams: From self-organized nanostructures to ultra smooth 
surfaces
IMS Nanofabrication GmbH, Wien, Austria, 12.05.2006
Workshop Ionenstrahlphysik, Hahn-Meitner Institut, Berlin, Germany, 16.-17.06.2006  
 
Sub-nanometer smoothing of diamond-turned metal surfaces using of ion beams
11th International Conference on Precision Engineering (ICPE), Tokyo, Japan, 
16.-18.08.2006  
 
Sub-nanometer ion beam smoothing of single diamond turned metal surfaces
Mühlleithen, Germany, 13.-15.03.2007  
 
Sub-nanometer rms roughness of single diamond turned metal surfaces by ion 
beam assisted smoothing
108. Jahrestagung der DGaO, Heringsdorf, Germany, 29.05.-02.06.2007  
 
 
Functional monolithic capillary columns prepared by ring-opening metathesis 
polymerization






VI. International Conference on Ion Implantation and other Applications of Ions 
and Electrons (ION 2006), Kazimierz Dolny, Poland, 26.-29.06.2006  
 
by ion beam assisted molecular beam epitaxy
13th International Conference on Surface Science (ICSS-13), Stockholm, Sweden, 
02.-06.07.2007  
 
Novel aluminium carboxylate nanopowder reinforced polyacrylate, polyurethane, 
American Chemical Society National Meeting, Atlanta, USA, 26.-30.03.2006  
 
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006  
 
Effect of plasma ion implantation and deposition of aluminium on high temperature 
oxidation characteristics of titanium base alloys
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007  
 
Nitrieren von Edelstahl: Vom Labor zur Vorserie
Mühlleithen, Germany, 13.-15.03.2007  
 
3D-Micromac AG, Chemnitz, Germany, 12.07.2006
Hochaufgelöste Elektronenenergieverlustspektroskopie an einkristallinen, 
fehlgeordneten und amorphen Materialien
Friedrich-Alexander-Universität Erlangen-Nürnberg, Institut für 
Werkstoffwissenschaften, Erlangen, Germany, 18.09.2006
Structural modulations and the transmission electron microscope
Seminar 'Current Topics in Transmission Electron Microscopy', Max-Planck-Institut 
für Metallforschung, Stuttgart, Germany, 18.12.2006
Retrieving modulation parameters from HRTEM images of modulated structures




Inkommensurable Modulationen in Fresnoiten
Jahrestagung der Deutschen Gesellschaft für Kristallographie und der Deutschen 




3rd Deutscher Workshop 'Electric Propulsion', Lampoldshausen, Germany, 
26.-27.04.2006  
 
Mikrodisperse Teilchen im Plasma - Machbarkeit eines Partikeltriebwerkes
3rd Deutscher Workshop 'Electric Propulsion', Lampoldshausen, Germany, 
26.-27.04.2006  
 
Biodegradable, ROMP-derived monoliths: A new concept for regenerative medicine
1st European Chemistry Congress, Budapest, Hungary, 27.-31.08.2006
Energie- und Teilchenbilanzen bei der Plasma-Immersions-Ionen-Implantation
Mühlleithen, Germany, 14.-16.03.2006   
 
Mühlleithen, Germany, 13.-15.03.2007  
 
PIII nitriding of fcc alloys containing Ni and Cr
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007  
 
Ion beam induced pattern formation due to controlled self-organization
Gordon Research Conference on Thin Film and Crystal Growth Mechanisms, 
Mount Holyoke College, South Hadley, USA, 24.-29.06.2007  
 
Nanopatterning by phase mask projection laser ablation
Jahrestagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, 
26.-30.03.2007
Wechselwirkung von Ionen mit Defekten in Metallen




Einsatz von Plasmatechnologien für korrosionsbeständigere Magnesiumlegierungen
24. Arbeitskreis 'Korrosion von Al und Mg', Gesellschaft für Korrosionsschutz, 
Hannover, Germany, 09.-10.05.2006
Einsatzmöglichkeiten von modernen Plasma- und Ionentechnologien für 
korrosionsbeständigere Magnesiumlegierungen
30.-31.05.2006   
 
Nitriding of stainless steel: PIII or low energy nitriding
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 10.-15.09.2006  
 
Neuere Anwendungen von PVD-Verfahren in der Medizintechnik




Mühlleithen, Germany, 13.-15.03.2007  
 
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007  
 
Radiolytically generated cation radicals and their intramolecular transformations
17.-22.09.2006  
 
On the mechanism of intramolecular transformations of cation radicals in inert 
matrix
International Conference of Photochemistry and Radiation Chemistry 
(PhotoRadChem-2007), Kottayam, India, 08.-11.02.2007  
 
Radiation induced radical cation in nonpolar solvent




Plasmamodellierung - Idee einer Allianz
3rd Deutscher Workshop 'Electric Propulsion', Lampoldshausen, Germany, 
26.-27.04.2006   
 
XIII. Fachtagung 'Plasmatechnologie', Bochum, Germany, 05.-07.03.2007  
 
Mühlleithen, Germany, 13.-15.03.2007
Ion beam induced glancing angle deposition of silicon nanostructures
Jahrestagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, 
26.-30.03.2007   
 
Temperature effect on the glancing angle deposition of silicon nanostructures 
American Vacuum Society 54th International Symposium, Seattle, USA,
15.-19.10.2007
Vorbehandlung von Kunststoffen mittels VUV-Strahlung
Workshop BMW, München, Germany, 10.02.2006   
 
Excimerstrahler und Anwendungen
51. Arbeitskreis-Sitzung 'Strahlenchemische Veredlung bahnförmiger Materialien', 
Hochschule München, München, Germany, 30.06.2006
UV-Bestrahlungssysteme am IOM
Workshop bei Fa. Henkel, Düsseldorf, Germany, 10.10.2006
Wellenlängen
Fraunhofer-Institut für Elektronenstrahl- und Plasmatechnik, Dresden, Germany, 
08.12.2006




Herstellung von Barriereschichten aus Polysilazanen




Dünnschichtsynthese mit niederenergetische Ionen
Rheinisch-Westfälische Technische Hochschule Aachen, Physikalische Institute, 
Aachen, Germany, 16.01.2006
Low-energy ion beam induced phenomena on solid surfaces
Max-Planck-Institut für Mathematik in den Naturwissenschaften, Leipzig, Germany, 
06.02.2006
Nanostructures on surfaces by low-energy ion bombardment
VI. International Conference on Ion Implantation and other Applications of Ions 
and Electrons (ION 2006), Kazimierz Dolny, Poland, 26.-29.06.2006
Low-energy ion beam induced nanostructures
International Workshop 'Oxide Thin Films', Georg-August-Universität Göttingen, 
Göttingen, Germany, 24.-26.07.2006   
 
Multilayer optics for the EUV lithography
19th International Conference on the Application of Accelerators in Research & 
Industry (CAARI 2006), Fort Worth/Dallas, USA, 20.-25.08.2006
 
komplexer Implantate
MedTech Pharma e.V., Würzburg, Germany, 18.10.2006  
Low-energy ion beam induced nanostructures
University Wuhan, Center of Nanophysics and Nanotechnology, Wuhan, China, 
10.11.2006
Phase formation by ion bombardment in metals
University Wuhan, School of Physics and Technology, Wuhan, China, 13.11.2006
 
Chinese Academy of Science, Shanghai Institute of Microsystems and Information 
Technology, Shanghai, China, 17.11.2006
Ionenstrahl-gestützte Synthese von Nanostrukturen
Technische Universität Darmstadt, Institut für Materialwissenschaften, Darmstadt, 
Germany, 11.12.2006  
Laserstrukturierung: Grundlagen und Anwendungen
12.12.2006   
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High-Tech-Forschung und industrielle Nutzung
Wirtschaftsrat Sachsen, Leipzig, Germany, 14.02.2007
Ion beam induced deposition
Universität Ulm, Fachbereich Physik, Ulm, Germany, 19.02.2007
Nanostructuring by low-energy ion bombardment
3rd International Workshop on Semiconductor Nanostructures der Deutschen 
Physikalischen Gesellschaft, Bad Honnef, Germany, 14.06.2007
Ion beam assited deposition
Universität Bonn, Fachgruppe Physik/Astronomie, Bonn, Germany, 15.06.2007
 
13th International Conference on Surface Science (ICSS-13), Stockholm, 
Sweden, 02.-06.07.2007
Ion-solid interaction: Principles and application
Academy of Science of the Czech Republic, Nuclear Research Institute, Husinec-
Rez, Czechia, 09.07.2007
Nanostrukturen durch konstruktive Ionenstrahlsynthese
Universität Münster, Fachbereich Physik, Münster, Germany, 19.07.2007
Workshop DFG-Forschergruppe 522, Naumburg, Germany, 24.-25.09.2007
 
Low-energy ion beam technology: State of art and perspectives
Harvard University, Division of Engineering and Applied Sciences, Cambridge,  
USA, 27.11.2007  
 
Surface Structuring by ion beam erosion






ECR-based oxygen plasma ion immersion implantation stimulates osteoblast 
proliferation and viability on titanium
International Team for Implantology World Symposium 2007, New York, USA, 
26.-28.04.2007   
 
Surface improvement of titanium implants following oxygen plasma immersion 
ion implantation
9th International Workshop of Plasma Based Ion Implantation & Depostion, 
Leipzig, Germany, 02.-06.09.2007  
 
Strukturanalytische Untersuchungen zur Partikelfunktionalisierung
Berlin, Germany, 09.05.2006
Photoinitiator-free photopolymerization of acrylates using short-wavelength 
excimer UV radiation
e|5 UV & EB Technology Expo & Conference, Chicago, USA, 24.-26.4.2006  
 
Photoinitiator-freie Photopolymerisation von Acrylaten durch UV-C- und VUV-
Bestrahlung
Workshop bei Fa. Henkel, Düsseldorf, Germany, 10.10.2006   
 
13th International Conference on Near Infrared Spectroscopy, Umeå, Sweden, 
17.-21.6.2007  
 
Self-initiation of UV curing reactions with brominated acrylates
RadTech Europe 2007, Wien, Austria, 13.-15.11.2007  
 
NIR spectroscopy as powerful tool for process control in UV curing
RadTech Europe 2007, Wien, Austria, 13.-15.11.2007
Ion beams for fabrication of micro- and nano-optics
Photonics West 'Micromachining Technology for Micro-Optics and Nano-Optics IV', 
San Jose, USA, 21.-26.01.2006
Statusseminar Carl-Zeiss SMT AG, Oberkochen, Germany, 23.03.2006
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und Laserstrahlen', Leipzig, Germany, 27.04.2006   
 
OptoNet Workshop 'Ultra Precision Manufacturing of Aspheres, Freeforms and 
Microstructures', Fraunhofer-Institut für Optik und Feinmechanik Jena, Jena, 
Germany, 16.-17.05.2006
from meter to millimeter spatial wavelength range
3rd International Conference on Leading Edge Manufacturing in the 21st Century, 
Nagoya, Japan, 19.-22.10.2006
Ionenstrahl- und Plasmajet- Anwendungen für die Präzisionsbearbeitung
Friedrich-Schiller Universität Jena, Institut für Materialwissenschaft und 
Werkstofftechnologie, Jena, Germany, 01.11.2006   
 
Grundlagenuntersuchungen zum therapeutischen Einsatz eines atmosphärischen 
Plasmajets in der Zahnerhaltung
BMBF-Präsentationsveranstaltung der Gewinner des Innovationswettbewerbs zur 
Förderung der Medizintechnik, MEDICA 2006, Düsseldorf, Germany, 15.11.2006
Aerospace GmbH, München, Germany, 30.11.2006   
 
Industrielle Anwendungen der Nanotechnologie - Ultrapräzisionsbearbeitung von 
Ingenieur- und Wirtschaftsakademie Johann Beckmann e.V., Kommission 
Technikgestaltung und Bewertung, Berlin, Germany, 08.12.2006  
 
Deterministische Bearbeitung von Optiken mit Ionen- und Plasmastrahlen - Stand 
und Ausblick
Induktiv gekoppelter HF-PBN und Strahlschalter-Neutralisation





Induktiv gekoppelter HF-Plasmabrückenneutralisator - Erste Resultate
Mühlleithen, Germany,13.-15. 03.2007  
 
Ion analytical characterisation of the RIT-22 ion thruster
43rd Joint Propulsion Conference, Cincinnatti, USA, 08.-11.07.2007  
 
Wachstum und Eigenschaften chiraler Dünnschichten
Mühlleithen, Germany, 14.-16.03.2006  
 
Joint spring meeting of the DPG and EPS, Dresden, Germany, 29.03.2006  
 
Nanostrukturierung durch Selbstorganisation bei der Ionenstrahlsputterbeschichtung 
unter streifendem Einfall (GLAD)
und Laserstrahlen', Leipzig, Germany, 27.04.2006  
 
Photon 06 Conference, University of Manchester, Institute of Physics, Manchester, 
United Kingdom 04.-07.09.2006
Lacke
Institut für Werkstoffforschung Jena, Jena, Germany, 06.02.2006
Excimer UV radiation for physical matting of radiation curable coatings
European Coatings Show 2007, Nürnberg, Germany, 08.-10.05.2007
Mühlleithen, Germany, 14.-16.03.2006   
 
wavelength range
6th International Conference EUSPEN, Baden/Wien, Austria, 28.05.-01.06.2006
polycyclocondensation to ring opening metathesis polymerization (ROMP)
Macro Group UK International Conference on Polymer Synthesis, University of 




4th All-Russian Kargin Conference 'Polymer science for 21st century', Lomonosov 
Moscow State University, Moscow, Russia, 2007  
 
Vorbereitende Entwicklungen des RIT-22 zum Einsatz auf BepiColombo - Arbeiten 
am IOM
3rd Deutscher Workshop 'Electric Propulsion', Lampoldshausen, Germany, 
26.-27.04.2006
Validated ion thruster grid lifetime simulation
42nd Joint Propulsion Conference, Sacramento, USA, 09.-12.07.2006  
 
Zerstäubungsmessungen bei niedrigen Energien




Mühlleithen, Germany, 13.-15. 03.2007  
 
Ultrakurzpuls-Laserdeposition von Cr-Sc-Multilagenschichten
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.03.-31.03.2006
Factors relevant for the living, stereoselective cyclopolymerization of 1,6-heptadiynes
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006   
 
Cyclopolymerization-derived conjugated materials: New insights and novel 
structures
European Polymer Congress, Portoroz, Slowenia, 02.-06.06.2007
Ripple to dot transition on Si and Ge surfaces by ion beam erosion
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
Ion induced ripple and dot patterns on Si and Ge surfaces due to self-organization 
processes
International Conference on NANO-Structures Self-Assemblins, Aix-en-Provence, 
France, 02.-06.07.2006    
Ion beam induced processes: From nanostructures to ultra smooth surfaces, 
CNRS/Saint-Gobain Laboratory, Paris, France, 01.03.2007
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Highly ordered pattern on Si and Ge surfaces by ion beam erosion: From ripples 
to dots
Taormina, Italy, 18.-22.09.2006  
 
The role of secondary ion beam parameters on the formation and ordering of 
ripple and dot structures on Si and Ge surfaces
Material Research Society Fall Meeting, Boston, USA, 26.11.-01.12.2006
Energy dependence of the surface topography on Si and Ge during ion beam 
erosion: Change in orientation of ripples
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
Pre-patterned Si surfaces for controlling ion beam induced self-organization
European Material Research Society Spring Meeting (E-MRS), Strasbourg, France,
28.05.-01.06.2007
Nanopatterning via Ions, Photon beam and Epitaxy, Sestri Levante, Italy, 
23.-27.09.2007   
 
Controlling ion beam induced self-organization on Si surfaces by lithographic pre-
patterning
Material Research Society Fall Meeting, Boston, USA, 26.-30.11.2007
Präzise Materialbearbeitung mit gepulster UV-Laserstrahlung zur Strukturierung 
im Mikro- und Sub-Mikrometer-Bereich
und Laserstrahlen', Leipzig, Germany, 27.04.2006
K
Enhancing the etch rate at backside etching of fused silica
4th International Congress on Laser Advanced Material Processing (LAMP 2006), 
Kyoto, Japan, 16.-19.05.2006 
Direct fabrication of microoptical elements by laser etching
OPTO 2006 and Sensor + Test 2006, Nürnberg, Germany, 30.05.-01.06.2006
5th International Conference on Photo-Excited Processes and Applications (ICPEPA), 




Laser backside etching: Principles and applications
International Symposium on Laser-Micromachining (ISL), Chemnitz, Germany, 
13.-14.09.2006  
 




Carl Zeiss SMT AG, Oberkochen, Germany, 27.02.2007
San Diego, USA, 23.-27.04.2007
One-step fabrication of refractive and diffractive micro optical elements in fused 
silica with laser etching
108. Jahrestagung der DGaO, Heringsdorf, Germany, 29.05.-02.06.2007
Laser in Manufacturing (LIM 2007), München, Germany, 18.-21.06.2007
Patterning of transparent materials by laser-induced backside etching
Laser in Manufacturing (LIM 2007), München, Germany 18.-21.06.2007
Erforschung und Einführung neuer Lasertechnologien in Mittweida
Hochschule Mittweida (FH), Mittweida, Germany, 11.07.2007  
 
pulses
4th LASERLAB User Meeting 'Frontiers in the generation of short Laser Pulses and 
Laser-Matter Interactions', Madrid, Spain, 28.-29.11.2007
  





Reactive plasma jet etching - Si surface interactions
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
of electron irradiation on chitosans
PolyPharma 2006, Halle, Germany, 25.-26.09.2006
Can chitosans get sterilized by electron irradiation? Monitoring chitosan 
34th Annual Meeting & Exposition of the Controlled Release Society (CRS2007), 
Long Beach, USA, 07.-11.07.2007
 
Preparation, characterization and applications of cyclooctene based monolihts 
prepared by ring-opening metathesis polymerization (ROMP)
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
Preparation, characterization and applications of electron beam curing derived 
monolithic materials
3rd International Symposium 'Reaktive Polymers in Inhomogeneons Systems, in 
Melts, and at Interfaces' (REACT 2007), Dresden, Germany, 24.-26.09.2007
 
Polymer supported n-heterocyclic carbene drived copper catalysts for carbonyl 
hydrosilylation and cyanosiylation reactions
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
Coke selectivation of zeolites HZSM-5 and HFER
18. Deutsche Zeolith-Tagung, Hannover, Germany, 01.-03.03.2006
 
Coke formation on zeolites HZSM-5 and HFER
10th International Symposium on Catalyst Deactivation, Berlin, Germany, 
05.-08.03.2006
Isomerization of n-butene over pre-coked HZSM-5 and HFER
19. Deutsche Zeolith-Tagung, Leipzig, Germany, 07.-09.03.2007
 
Formation and corrosion properties of Mg-Ti alloys prepared by physical vapour 
deposition




Correlation between texture and corrosion properties of magnesium coatings 
produced by PVD
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Surface investigations of fused silica surfaces etched by laser etching at a surface 
adsorbed layer (LESAL)
5th International Conference on Photo-Excited Processes and Applications 
(ICPEPA), Charlottesville, USA, 03.-07.09.2006
The effect of the vapour-forming material on the laser backside etching of fused silica
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Development of corrosion resistant Mg-alloys using ion beam sputter technologies
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
formed by energetic PVD processes
Taormina, Italy, 18.-22.09.2006
 
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 10.-15.09.2006
4th International Conference on Spectroscopic Ellipsometry, Stockholm, Sweden, 
11.-15.06.2007
 
4th International Conference on Spectroscopic Ellipsometry, Stockholm, Sweden, 
11.-15.06.2007
 
Infrared dielectric tensor studies of MgxZn1-x
4th International Conference on Spectroscopic Ellipsometry, Stockholm, Sweden, 
11.-15.06.2007
 
Investigation of the free charge carrier properties at the ZnO-sapphire interface 





Ion beam technology as promising solution for EUV-lithography
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
Change in wear behaviour of Ti and Ti6Al4V after plasma immersion ion implantation
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 10.-15.09.2006
 
Mechanical properties of CoCr alloys after nitrogen plasma immersion ion implantation
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
Properties of PIII treated CoCr alloys
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 10.-15.09.2006
 
average-power femtosecond laser machining
SPIE Photonics Europe 2006, Strasbourg, France, 03.-07.04.2006
 
Development of scratch- and abrasion resistant UV-coatings for wood surfaces 
Polymerwerkstoffe 2006, Halle, Germany, 27.-29.09.2006
 
2 by ion 
beam assisted molecular beam epitaxy
Taormina, Italy, 18.-22.09.2006




Polymerwerkstoffe 2006, Halle, Germany, 27.-29.09.2006
 
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
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BP and BxGa1-x-yInyP layer structures grown by MOVPE
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
BP and BxGa1-x-yInyP layer structures grown by MOVPE
12th European Workshop on Metalorganic Vapour Phase Epitaxy (EWMOVPE 2007), 
Bratislava, Slovakia, 03.-06.06.2007
Highly localized ion focusing effects in PBII and PBIID
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007
Structural and particle-size effects of lead titanate nanoparticles in XPS, XAS and XES
25. BESSY-Nutzertreffen, Berlin, Germany, 06.-07.12.2007
Comparison of ZrN and TiN formed by PBII&D
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
Localized nitriding behaviour of industrial cold worked austenitic steel parts
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007
Reduced corrosion rates and reduced metal ion release of stainless steel after 
surface treatment with energetic ions
3rd World Congress on Regenerative Medicine, Leipzig, Germany, 18.-20.10.2007
Determination of the thickness of UV cured coatings in the micron and sub-
13th International Conference on Near Infrared Spectroscopy, Umeå, Sweden, 
15.-21.06.2007
 
SIMS Europe 2006, Münster, Germany, 24.-26.09.2006
 
Structural differences between amorphous and amorphised matter
 
Kinetics of hydrosilylation based polyaddition
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
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Hard-modelling of reaction kinetics by combining online spectroscopy and calorimetry
10th Scandinavian Symposium on Chemometrics (SSC10), Lappeenranta, 
Finland, 11.-15.06.2007 
XIV. Fachtagung Plasmatechnologie, Bochum, Germany, 05.-07.03.2007
 
Biodegradable, ROMP-derived monoliths: A new concept for regenerative medicine
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
plasma immersion ion implantation
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
Sputter yield, ion range and damage distribution during plasma immersion ion 
implantation as determined by spectroscopic ellipsometry
Taormina, Italy, 18.-22.09.2006
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
Nitrogen diffusion in medical CoCrNiW alloys
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
Correlation between nitriding parameters of medical CoCr alloys and resulting 
hardness increase and reduction of wear rate
3rd World Congress on Regenerative Medicine, Leipzig, Germany, 18.-20.10.2007
Marker experiments to determine diffusing species and diffusion path in medical 
nitinol alloys
6th International Conference on Secondary Ion Mass Spectrometry, Kanazawa, 
Japan, 29.10.-02.11.2007
Correlation between nitriding parameters of medical CoCr alloys and resulting 
hardness increase and reduction of wear rate
Saxon Biotechnology Day, Dresden, Germany, 28.11.2007
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Correlation between nitriding parameters of medical CoCr alloys and resulting 
hardness increase and reduction of wear rate
6th Leipzig Research Festival for Life Sciences, Leipzig, Germany, 14.12.2007
Ion induced self-organization on pre-patterned Si surfaces
Material Research Society Fall Meeting 2006, Boston, USA, 27.11.-01.12.2006
Ion induced self-organization on pre-patterned Si surfaces
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
Nano-patterning by diffraction mask-projection laser ablation
8th International Symposium on Laser Precision Microfabrication (LPM 2007), 
Wien, Austria, 24.-28.04.2007
 
Improved osseointegration of titanium and nitinol alloys
Fraunhofer Life Science Symposium Leipzig 2006, Leipzig, Germany, 22.-24.10.2006
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Grain size as proxy for intragrain nitrogen diffusion in ion nitrided austenitic 
stainless steel
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
Correlation between treatment history of steel and nitriding properties
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 10.-15.09.2006
 
Interplay of cold working and nitrogen diffusion in austenitic stainless steel
Taormina, Italy, 18.-22.09.2006
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
 
Corrosion rates of Mg alloys produced by PVD processes and resulting ion 




Functional monolithic capillary columns prepared by ring-opening metathesis 
polymerization
2nd Monolithic Summer School, Portoroz, Slowenia, 28.-31.05.2006
Investigation of the separation of 3D-structures with undercuts
32th Micro- and Nano-Engineering (MNE 2006), Barcelona, Spain, 17.-20.09.2006
 
Analysis of the separation of 3D-undercut structures
5th International Conference on Nanoimprint and Nanoprint Technology (NNT’06), 
San Francisco, USA, 15.-17.11.2006
Quantum-chemical treatment of the dynamic effect by femtosecond events in the 
free electron transfer
20th International Symposium on Radical Ion Reactivity (ISRIR 2006), Rom, Italy, 
02.-06.07.2006
The role of 14-electron intermediates in the ruthenium alkylidene-catalyzed 
polymerization of norborn-2-ene
II. International Symposium on Carbon in Catalysis (CarboCat-II), St. Petersburg, 
Russia, 11.-14.07.2006
On the effect of ligand structure on the activity of rutheniumbased metathesis 
catalysts: A comparative DFT study
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
 
A comparative DFT study on the role of conformation of 14-electronintermediates 
in the ruthenium alkylidene-catalyzed ROMP of norborn-2-ene
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
108. Jahrestagung der DGaO, Heringsdorf, Germany, 29.05.-02.06.2007
 
Periodic nanoscale Si structures via ion beam induced glancing angle deposition
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Ion beam induced glancing angle deposition of periodic nanoscale Si structures
Material Research Society Fall Meeting, Boston, USA, 26.-30.11.2007
VUV irradiation initiated conversion of perhydropolysilazanes into a SiOx-network




Funktionelle Lack-Topcoats zur Verbesserung der Abreinigung von Dachmembranen
Polymerwerkstoffe 2006, Halle, Germany, 27.-29.09.2006
Materials for Advanced Metallization Workshop (MAM 2007), Brügge, Belgium, 
04.-07.03.2007
 
phase extraction thermodesorption materials and formats
Polymerwerkstoffe 2006, Halle, Germany, 27.-29.09.2006
4th International Congress on Laser Advanced Material Processing (LAMP 2006), 
Kyoto, Japan, 16.-19.05.2006
European Materials Research Society Spring Meeting (E-MRS), Nice, France, 
29.05.-02.06.2006
 
Etching and scribing of transparent conducting oxides by means of ultrashort 
laser radiation
5th International Conference on Photo-Excited Processes and Applications (ICPEPA), 
Charlottesville, USA, 03.-07.09.2006
32th Micro- and Nano-Engineering (MNE 2006), Barcelona, Spain, 17.-20.09.2006
 
Determination of diffusing species from marker experiments in the system Ni-Ti-O
Taormina, Italy, 18.-22.09.2006
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007
 
Poly(cyclooctene)-based monolithic columns for µ-HPLC prepared via ring-opening 
metathesis polymerization (ROMP)
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
 
Synthesis and structure of novel cyclopolymerization-derived, soluble conjugated 
polymers
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
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New N-containing soluble and electrically conducting polymers via the 
cyclopolymerization of 1,3-bis(alkyloxy)-N,N-diproargylanilines
3rd International Symposium 'Reaktive Polymers in Inhomogeneons Systems, in 
Melts, and at Interfaces' (REACT 2007), Dresden, Germany, 24.-26.09.2007
 
Valence Band Structure of ZnO and MgxZn1-xO
Material Research Society Fall Meeting, Boston, USA, 26.-30.11.2007
 
Growth of cubic AlxIn1-xN and cubic AlxGayIn1-x-yN lattice-matched to GaN
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
Clustering of broad-beam ion sources
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 11.-15.09.2006
 
10th International Conference on Plasma Surface Engineering, Garmisch-
Partenkirchen, Germany, 11.-15.09.2006
12th International Conference on Ion Sources (ICIS 2007), Jeju, Korea, 26.-31.08.2007
 
Physical matting of UV curable coatings by 172 nm excimer UV radiation
NANO@SURFACE, Wels, Austria, 08.-09.11.2006
 
NANO@SURFACE, Wels, Austria, 08.-09.11.2006
 
NANO@SURFACE, Wels, Austria, 08.-09.11.2006
 
NANO@SURFACE, Wels, Austria, 08.-09.11.2006
European Coatings Show 2007, Nürnberg, Germany, 08.-10.05.2007
  
Physical matting of UV curable coatings by 172 nm excimer UV radiation




European Coatings Show 2007, Nürnberg, Germany, 08.-10.05.2007
 
limitations
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
determined by generalized ellipsometry
Material Research Society Fall Meeting, Boston, USA, 26.-30.11.2007
 
Validated dynamic simulation of ion extraction grid lifetime
12th International Conference on Ion Sources (ICIS 2007), Jeju, Korea, 
26.-31.8.2007
 
Investigation of a low-energy ion beam for sputter measurements
12th International Conference on Ion Sources (ICIS 2007), Jeju, Korea, 
26.-31.8.2007
 
14th International School on Condensed Matter Physics, Varna, Bulgaria, 
17.-22.09.2006
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Binary compound nanoclusters formation by means of plasma immersion ion 
implantation in silica
9th International Workshop on Plasma Based Ion Implantation & Deposition, 
Leipzig, Germany, 02.-06.09.2007
 
Polymerization of enantiomerically pure exo-N-/Norborn-2-ene-5-carboxyl)-
L-phenylalanine ethyl ester and endo, endo-N, N-(Norborn-5-ene-2,3-
dicarbimido)-L-valine ethyl ester using novel ruthenium 1,3-dimesityl-3,4,5,6-
tetrahydropyrimidin-2-ylidenes
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
 
Ring-opening metathesis polymerization (ROMP) of enantiomerically pure 
monomers with novel N-heterocyclic carbene ruthenium catalyst precursors
8th Austrian Polymer Meeting 2006, Linz, Austria, 20.-22.09.2006
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Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Dresden, Germany, 
27.-31.03.2006
 
3D microstructures with undercuts and their replication by hot-embossing
6th International Conference EUSPEN, Baden/Wien, Austria, 28.05.-01.06.2006
 
Elsner
Flexible fabrication of 3D structures with UV-curable acrylates and cycloaliphatic 
epoxides
32th Micro- and Nano-Engineering (MNE 2006), Barcelona, Spain, 17.-20.09.2006
GISAXS and GID studies of ripple and dot pattern on Si and Ge surfaces by low-
energy ion beam erosion
Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, 
Germany, 26.-30.03.2007
 
GISAXS and GID studies of ripple and dot pattern on Si and Ge surfaces by low-
energy ion beam erosion
European Materials Research Society Spring Meeting (E-MRS), Strasbourg, 
France, 28.05.-01.06.2007
 
Ion beam induced pattern formation due to controlled self-organization
13th International Conference on Surface Science (ICSS-13), Stockholm, Sweden, 
02.-06.07.2007
Surface topography evolution on Si and Ge surfaces due to ion beam erosion: 
Role of secondary ion beam parameters
13th International Conference on Surface Science (ICSS-13), Stockholm, Sweden, 
02.-06.07.2007
Spontaneous pattern formation on InAs surfaces by low-energy ion beam erosion
Nanopatterning via Ions, Photon beam and Epitaxy, Sestri Levante, Italy, 
23.-27.09.2007
 
Topographical transitions on Si and Ge surfaces by changes of secondary ion 
beam parameters
Material Research Society Fall Meeting, Boston, USA, 26.-30.11.2007
carbon nanotubes




High rate backside etching of materials by laser radiation
5th International Conference on Photo-Excited Processes and Applications (ICPEPA), 
Charlottesville, USA, 03.-07.09.2006
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Patent Applications and Patents
Verfahren und Vorrichtung zur selektiven Entfernung von siliziumhaltigen 
Patent Granted Germany DE102006002758A1
Patent Granted Germany DE202006004253U1
Flexible, transparente Barriereverbundfolie
Patent Application Germany 102006037931.4-44 (11.08.2006)
Polymeres Trägermaterial für die Kultivierung von Zellen
Patent Application Germany 102007033078.4 (13.07.2007)
Kontaktierung und Modulverschaltung von Dünnschichtsolarzellen auf polymeren 
Trägern
Patent Application Germany 102007052971 (07.11.2007)
Metallorganisches Nanopulver, Verfahren zu ihrer Herstellung sowie diese 
enthaltende Komposite              
Patent Granted Germany DE102005032353.7
Patent Granted Europe PCT/EP/2006/005803
Anorganische Metalloxid-Nanopartikel und Metalloxid-Nanopartikel enthaltende 
polymere Komposite
Patent Application Germany 102006059216.6 (13.12.2006)
Verfahren und Vorrichtung zur präzisen Positionierung eines Ionenstrahles bei 
Patent Application Germany 102007015315 (30.03.2007)
strahlenhärtbarer Farben und Lacke durch photochemische Mikrofaltung mittels 
kurzwelliger monochromatischer UV-Strahlung unter stabilen Bestrahlungs- und 
Inertisierungsbedingungen                  
Patent Granted Germany DE102005060198.7
Gelenkzapfen aus Metall für den Einsatz in axial und/oder radial belasteten 
Kraftfahrzeug-Fahrwerksgelenken und Verfahren zur deren Herstellung
Patent Application Germany 102007099322.7 (22.02.2007)
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R. 
strahlenhärtbarer Farben und Lacke durch photochemische Mikrofaltung mittels 
kurzwellige monochromatischer UV-Strahlung   
Patent Application Germany 102006042063.2 (05.09.2006)
Beschichtung für Feuerfestmassen                     
Patent Application Germany 102007045648.6 (25.09.2007)
Verfahren zur elektrischen Kontaktierung von Dünnschichtleitbahnen auf 
organischem Träger
Patent Application Germany 102007052969 (07.11.2007)
Verfahren und Mittel zur Verbindung dünner Metallschichten
Patent Application Germany 102007052972 (07.11.2007)
(10.07.2007) verkauft an BRUKER Daltonic
K. Zimmer, R. Döring
Ionenspektrometer mit einer nicht radioaktiven Elektronenquelle
(17.12.2007) verkauft an BRUKER Daltonic
